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(57) A cache management method performed by an
information processing apparatus includes: in a case
where a correspondence relation between a request and
a response to the request is not stored in a first cache,
executing a plurality of operations for generating the re-
sponse to the request; in association with input data of
each operation of the plurality of operations, storing a
result of the operation in a second cache; storing the
response generated based on results of the plurality of
operations in the first cache in association with the re-
quest; and returning the response with respect to the
request.
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Description

TECHNICAL FIELD

[0001] The present disclosure relates to a cache man-
agement method, a cache management system, and an
information processing apparatus.

BACKGROUND ART

[0002] In order to speed up operations, caches are
used. For example, if data and so on used once are saved
in a cache, thereafter or when the same data are used,
it is possible to execute operations at high speed.
[0003] For example, web browsers save a web page
browsed once and images used in that web page in a
storage device serving as a cache. As a result, when the
same web page is displayed again later, they can read
the data from the cache without having to communicate
with the server again to acquire the data. Therefore, it is
possible to speed up the display.
[0004] Also, with respect to the use of caches, a tech-
nology for making a response even in an offline state
without communication with a server is known (for exam-
ple, Japanese Patent Application Laid-Open No.
2011-164749).
[0005] However, recently, with the development of
technology, various web services have been provided,
whereby communication load and operation load have
increased. For this reason, it is desired to provide further
technologies capable of reducing communication load
and operation load.

SUMMARY OF INVENTION

[0006] An object of the present disclosure is to provide
a technology for improving operation efficiency by using
caches.
[0007] A cache management method related to one
aspect of the present disclosure includes: in a case where
a correspondence relation between a request and a re-
sponse to the request is not stored in a first cache, exe-
cuting a plurality of operations for generating the re-
sponse to the request; in association with input data of
each operation of the plurality of operations, storing a
result of the operation in a second cache; storing the
response generated based on results of the plurality of
operations in the first cache in association with the re-
quest; and returning the response with respect to the
request.
[0008] According to the present disclosure, it is possi-
ble to provide a technology for improving operation effi-
ciency by using caches.
[0009] Further features of the present invention will be-
come apparent from the following description of exem-
plary embodiments (with reference to the attached draw-
ings).

BRIEF DESCRIPTION OF DRAWINGS

[0010]

Fig. 1 is a view illustrating a cache management sys-
tem according to an exemplary embodiment;
Fig. 2 is a view illustrating the block configuration of
an information processing apparatus according to
the exemplary embodiment;
Fig. 3 is a view illustrating the operation flow of op-
erations which the information processing apparatus
according to the exemplary embodiment executes
in response to a request;
Fig. 4A is a view illustrating a thread for executing
operations for generating responses corresponding
to requests according to the exemplary embodiment;
Fig. 4B is a view illustrating threads for executing
operations for generating responses corresponding
to requests according to the exemplary embodiment;
Fig. 5 is a view illustrating the flow of response gen-
eration;
Fig. 6 is a view illustrating a first cache;
Fig. 7A is a view illustrating a request which is reg-
istered in the first cache;
Fig. 7B is a view illustrating a response which is reg-
istered in the first cache;
Fig. 8 is a view illustrating a second cache;
Fig. 9 is a view illustrating the operation flow of op-
erations for generating a response according to the
exemplary embodiment;
Fig. 10 is a view illustrating the operation flow of op-
erations which a slave thread according to the ex-
emplary embodiment executes to generate a re-
sponse;
Fig. 11 is a view illustrating the operation flow of op-
erations corresponding to input data;
Fig. 12 is a view for explaining the use of caches
having different granularities according to the exem-
plary embodiment; and
Fig. 13 is a view illustrating the hardware configura-
tion of a computer for implementing the information
processing apparatus according to the exemplary
embodiment.

DESCRIPTION OF EMBODIMENTS

[0011] Hereinafter, some exemplary embodiments of
the present disclosure will be described in detail with ref-
erence to the drawings. Further, throughout the plurality
of drawings, el
[0012] For example, if a request and a response to that
request are stored in a cache, when the same request is
received later, it is possible to read and use the response
stored in the cache. Therefore, it is unnecessary to per-
form operations again and it is possible to process the
request at high speed.
[0013] By the way, there are cases where it is possible
to divert some of the results of a plurality of operations
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which is executed to generate a response to a request,
to generate a response to another request. Even in such
cases, if the results of the operations which are executed
to generate a response are not cached, it is impossible
to use them in other operations.
[0014] For this reason, in the exemplary embodiment
to be described below, with respect to a plurality of op-
erations which is executed to generate a response to a
request, input data of the operations and the results of
the operations are saved in a cache in association with
each other. Therefore, for example, when any other re-
quest is received, if operations to be performed to gen-
erate a response to the other request include any oper-
ation corresponding to the plurality of cached operations,
it is possible to speed up the operations by using the
cached results.
[0015] By the way, as an example of a situation where
it is possible to divert the results of operations which are
executed to generate a response to a request to another
operation, operations which always cause the same re-
sult with respect to the same request can be taken. As
examples of such operations, arithmetic operations can
be taken. The arithmetic operations may include, for ex-
ample, operations for outputting the results of calcula-
tions of mathematical expressions, operations for draw-
ing the graphs of mathematical expressions, operations
for obtaining mathematical expressions and graphs of
tangents and so on with respect to other mathematical
expressions and graphs, operations for obtaining equa-
tions or obtaining statistical values such as average and
dispersion with respect to data point sets, and so on.
[0016] Recently, terminals for performing arithmetic
operations according to requests input from users and
drawing the results on display screens, such as scientific
electronic calculators, have been provided. Also, servic-
es for displaying calculation results such as graphs cor-
responding to mathematical expressions as responses
to requests if terminals access a server through a web
browser and transmit arithmetic operation requests to
the server. However, for example, when an arithmetic
operation is performed on a terminal, operation load may
be high, whereby operation delay may occur. Also, for
example, even when a server is made perform an arith-
metic operation through a browser or the like, depending
on the arithmetic operation, operation load may be high,
whereby delay may occur, or due to the communication
time between the terminal and the server, delay may oc-
cur. For this reason, it is desired to provide further tech-
nologies capable of reducing operation load and com-
munication load for arithmetic operations.
[0017] Further, for example, such arithmetic opera-
tions have a characteristic in which if the same mathe-
matical expression is calculated, the same calculation
result is obtained. For example, when different mathe-
matical expressions are calculated, if a part of one math-
ematical expression is the same as a part of the other,
the results of calculations of the same parts become the
same value. Therefore, for example, when requests for

processing different mathematical expressions have
been received, if there is a part common to the mathe-
matical expressions, with respect to that part, it is possi-
ble to divert the calculation result of one request to cal-
culation of the other request. However, in the case where
a request and a response to that request have been
cached simply in association with each other, since the
cache is not hit when any other request is received, even
in the case where it is possible to divert the calculation
results of some of operations, it is impossible to speed
up the operations by the cache. Hereinafter, an example
will be described.
[0018] For example, it is assumed that a request for
graphing the mathematical expression y = x2 + 1 has
been received. In this case, it is assumed that a response
including coordinate values representing the shape of
the graph is cached simply in association with the request
for graphing y = x2 + 1. In this case, even though another
request for graphing y = x2 + 20 is received later, since
it is different from the request for graphing y = x2 + 1, the
cache is not hit. Therefore, it is impossible to use the
cache.
[0019] However, the calculation results of the parts "x2"
of y = x2 + 1 and y = x2 + 20 become the same. Therefore,
for example, if the coordinate values of the shape of the
graph of the part "x2" is saved in a cache, when another
request for graphing y = x2 + 20 is received later, it is
possible to divert the coordinate values of the part "x2".
As a result, it is possible to reduce the amount of oper-
ations for drawing the graph of y = x2 + 20.
[0020] By the way, although arithmetic operations are
described as examples herein, the exemplary embodi-
ment is not limited to applications to arithmetic opera-
tions. In another exemplary embodiment, the exemplary
embodiment may be applied to other operations such as
the case of processing character strings such as docu-
ments and the case of processing images. Even in this
case, for example, it is possible to apply the exemplary
embodiment such that while a request for requesting to
process a character string, an image, or the like and a
response to that request are stored in a first cache 112,
in association with each of a plurality of operations which
is executed to generate the response, the input data of
the operation, such as a character string, an image, or
the like, and the result of the operation are stored in a
second cache 113 in association with each other. Here-
inafter, the exemplary embodiment will be described in
more detail.
[0021] Fig. 1 is a view illustrating a cache management
system 100 according to an exemplary embodiment. For
example, in Fig. 1, the cache management system 100
includes an information processing apparatus 101 and a
service providing server 102. By the way, the service
providing server 102 may be, for example, a computer
operating as a server. In another exemplary embodiment,
the service providing server 102 may be composed of a
plurality of servers. Further, in Fig. 1, the information
processing apparatus 101 may communicate with the
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service providing server 102, for example, through a
browser 111, to receive services related to arithmetic op-
erations from the service providing server 102.
[0022] The information processing apparatus 101 may
be a computer, such as a personal computer (PC), a
mobile PC, a tablet terminal, a smart phone, or a mobile
phone. The information processing apparatus 101 in-
cludes the first cache 112 for storing requests and re-
sponses to the requests in association with each other,
and the second cache 113 for storing the input data of
each of a plurality of operations which is executed to gen-
erate a response to a request and the result of the oper-
ation in association with each other. Also, the information
processing apparatus 101 may be connected to the serv-
ice providing server 102, for example, through a network
105 such as a public network and the Internet. For ex-
ample, if receiving a request for requesting an arithmetic
operation such as drawing of a graph corresponding to
a mathematical expression from a user through the
browser 111, the information processing apparatus 101
transmits the request to the service providing server 102.
[0023] If the service providing server 102 receives the
request from the information processing apparatus 101,
it refers to a third cache 131 to find out whether a re-
sponse to the request has been registered in the cache.
If a response corresponding to the request has been reg-
istered in the third cache 131, the service providing server
102 provides that response to the information processing
apparatus 101. Meanwhile, if a response corresponding
to the request has not been registered in the third cache
131, the service providing server 102 executes a plurality
of operations required to generate a response to the re-
quest, using an arithmetic operation module 141, and
generates a response based on the obtained calculation
results, and returns it to the information processing ap-
paratus 101. By the way, the arithmetic operation module
141 may be, for example, software for symbolically
processing mathematical expressions using a computer.
An example of the arithmetic operation module 141 is an
arithmetic operation system such as a computer algebra
system (CAS).
[0024] Further, the service providing server 102 regis-
ters the generated response in the third cache 131 in
association with the request. As a result, when the same
request is received later, it is possible to acquire the re-
sponse from the third cache 131, so it is possible to pro-
vide the response to the service providing server 102 at
high speed.
[0025] The information processing apparatus 101 can
display, for example, mathematical expressions, graphs,
and so on corresponding to the request and based on
the received response, on the display area of the brows-
er.
[0026] However, as described above, in the case
where the information processing apparatus transmits a
request to the service providing server 102 and acquires
a response corresponding to the request on a cloud, due
to the communication time between the information

processing apparatus 101 and the service providing serv-
er 102 and so on, delay may occur in drawing a graph
based on a response. For this reason, in the exemplary
embodiment, the information processing apparatus 101
tries to locally acquire a response corresponding to a
request. Hereinafter, the operations which the informa-
tion processing apparatus 101 executes will be described
in more detail.
[0027] Fig. 2 is a view illustrating the block configura-
tion of the information processing apparatus 101 accord-
ing to the exemplary embodiment. The information
processing apparatus 101 includes, for example, a con-
troller 201, a storage unit 202, a communication unit 203,
and a display unit 204. The controller 201 may control
the individual units of the information processing appa-
ratus 101. In the exemplary embodiment, the controller
201 includes the browser 111, an arithmetic operation
module 212 and an operation module 213. For example,
the arithmetic operation module 212 may be software for
symbolically processing mathematical expressions us-
ing a computer, and is, for example, an arithmetic oper-
ation system such as a CAS. The operation module 213
executes, for example, operations for controlling reading
and writing of information from and to the first cache 112
and the second cache 113. The operation module 213
may include, for example, an executing unit 231, a first
storage unit 232, a second storage unit 233, a replying
unit 234, and so on, and also may include other functional
units. The storage unit 202 includes, for example, the
first cache 112 and the second cache 113. The commu-
nication unit 203 communicates with other devices, for
example, according to instructions of the controller 201.
For example, the communication unit 203 may commu-
nicate with the service providing server 102. The display
unit 204 may be a display device such as a display, and
displays information according to instructions of the con-
troller 201. Details of these individual units and details of
information stored in the storage unit 202 will be de-
scribed below.
[0028] Fig. 3 is a view illustrating the operation flow of
operations which the controller 201 of the information
processing apparatus 101 executes in response to a re-
quest. For example, the controller 201 may start the op-
eration flow of Fig. 3 if a request is input from a user
through the browser 111.
[0029] In STEP 301 (hereinafter, Step will be written
as "S", for example, like S301), the controller 201 of the
information processing apparatus 101 determines
whether or not it is an online environment. For example,
in the case where communication by the communication
unit 203 is in an offline state, such as the case where the
radio wave condition from a base station for accessing
to a public network is bad or the case where the Internet
connection status is bad, the controller 201 may deter-
mine "NO" in S301, and the flow proceeds to S302.
[0030] In S302, the controller 201 determines whether
offline operations are possible or not. For example, the
controller 201 may determine whether offline operations
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are possible or not, on the basis of whether or not mod-
ules, programs and so on required to generate a re-
sponse corresponding to the request have been stored
in the storage unit 202. In the case of executing a plurality
of operations using WebAssembly in order to generate
a response, in S302, the controller 201 may determine
whether offline operations are possible or not, for exam-
ple, by determining whether the browser 111 deals with
WebAssembly. Also, depending on the implementation
of the cache management system 100, it may be config-
ured such that with respect to predetermined requests,
the requests are processed by the service providing serv-
er 102. As an example, it can be considered to configure
the cache management system such that with respect to
some arithmetic operations, since operation load is high
or special modules are used, requests are processed by
the service providing server 102. In this case, the con-
troller 201 may determine "NO" in the operation of S302
when it receives a predetermined request.
[0031] In the case where it is determined in S302 that
offline operations are not possible ("NO" in S302), the
flow proceeds to S304. In this case, since online connec-
tion is impossible and offline operations cannot be exe-
cuted, the controller 201 may notify an error, and the
present operation flow may end.
[0032] Meanwhile, in the case where it is determined
in S302 that offline operations are possible ("YES" in
S302), the flow proceeds to S303. In S303, the controller
201 executes operations for generating a response cor-
responding to the request. Details of the operations for
generating a response will be described below with ref-
erence to Fig. 9. Subsequently, in S305, the controller
201 outputs the response, and the present operation flow
ends.
[0033] Also, in the case where it is determined in S301
that it is an online environment in which it is possible to
access to the network 105, the controller 201 determines
"YES", and the flow proceeds to S306. In S306, the con-
troller 201 determines whether offline operations are pos-
sible or not. By the way, in S306, the controller 201 may
determine whether offline operations are possible or not,
for example, by the same operation as S302. As de-
scribed above, if it is configured to acquire a response
corresponding to a request from the service providing
server 102 online, due to the communication time be-
tween the information processing apparatus and the
service providing server 102, and so on, delay may occur
in the operations. For this reason, in the case where of-
fline operations are possible ("YES" in S306), the flow
may proceeds to S307 in which offline operations are
executed.
[0034] In S307, the controller 201 executes the oper-
ations for generating a response corresponding to the
request. In S307, the same operation as S303 may be
performed. By the way, as described above, details of
the operations for generating a response will be de-
scribed below with reference to Fig. 9.
[0035] In S308, the controller 201 determines whether

the response generated with respect to the request in-
cludes any error or not. By the way, errors may be errors
such as an error representing that an operation has
crashed and an error representing that a timeout has
occurred. In the case where the response does not in-
clude any error ("NO" in S308), the flow proceeds to
S305, and the controller 201 outputs the obtained re-
sponse.
[0036] Meanwhile, in the case where it is determined
in S308 that the response includes an error, for example,
the error might have occurred in an operation for acquir-
ing the response corresponding to the request, so the
correct response might not have been acquired yet. In
this case, there is a possibility of succeeding in generat-
ing a response when the service providing server 102
executes the operations for generating a response cor-
responding to the request. For this reason, the controller
201 determines "YES" in S308, and the flow proceeds
to S309. Meanwhile, in the case where it is determined
in S306 that offline operations are not possible ("NO" in
S306), if it is an online environment, since it is possible
to request the service providing server 102 to generate
a response, the flow proceeds to S309.
[0037] In S309, the controller 201 transmits the request
to the service providing server 102. If the service provid-
ing server 102 receives the request, as described with
reference to Fig. 1, the service providing server 102 gen-
erates a response corresponding to the request by refer-
ring to the third cache 131 and making the arithmetic
operation module 141 or the like execute the operations,
and returns the response to the information processing
apparatus 101.
[0038] In S310, the controller 201 receives the re-
sponse from the service providing server 102. In S311,
the controller 201 registers the request transmitted to the
service providing server 102 and the response received
from the service providing server 102, as a record, in the
first cache 112. By the way, details of the first cache 112
will be described below. Consequently, when a request
having the possibility of causing an error to be returned
in an offline operation is received again, it is possible to
return a proper response while avoiding the possibility of
an error attributable to an offline operation and delay at-
tributable to communication. By the way, in S311, for
example, when the request transmitted to the service pro-
viding server 102 is a request including a random func-
tion, a shuffle function, or the like whose result changes
whenever it is executed, the controller 201 may not ex-
ecute registration in the first cache 112. Also, in S311,
for example, when the response received from the serv-
ice providing server 102 is a response including an error
such as an operation crash or a timeout, the controller
201 may not execute registration in the first cache 112.
If the operation of S311 ends, the flow proceeds to S305.
In this case, in S305, the controller 201 outputs the re-
sponse received from the service providing server 102,
and the present operation flow ends.
[0039] As described above, according to the operation
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flow of Fig. 3, when a request is input, it is possible to
appropriately determine whether to perform generation
of a response to the request by the information process-
ing apparatus 101 or by the service providing server 102.
[0040] Also, in the operation flow of Fig. 3, for example,
when generation of a response corresponding to a re-
quest can be executed by offline operations, the opera-
tions are executed offline. Therefore, it is possible to re-
duce communication between the information process-
ing apparatus 101 and the service providing server 102,
so it is possible to reduce delay attributable to the com-
munication time.
[0041] Also, in an online environment, when offline op-
erations are impossible or an error has occurred in an
offline operation, the controller 201 transmits the request
to the service providing server 102. Therefore, when it is
impossible to generate a response by offline operations,
it is possible to execute generation of a response corre-
sponding to the request on a cloud. In the operations of
Fig. 3 described above, when an error is determined in
S308, the service providing server 102 is requested to
process the request; however, the exemplary embodi-
ment is not limited thereto. For example, in another ex-
emplary embodiment, while the operations for generating
a response corresponding to the request are locally ex-
ecuted, the operation of S309 may be executed in parallel
to request the service providing server 102 to provide a
response corresponding to the request. As a result, it is
possible to receive a response at an early timing as com-
pared to the case of transmitting the request to the service
providing server 102 after an error occurs in a local op-
eration. Further, even in this case, if the received re-
sponse is not an error, the request and the received re-
sponse may be stored in the first cache in association
with each other.
[0042] Also, in an offline environment, in the case
where it is impossible to execute generation of a re-
sponse offline, since an error is notified to the user, the
user can see that it is impossible to generate a response
corresponding to the request.
[0043] Subsequently, the operation of S303 and S307
for generating a response corresponding to the request
will be described. By the way, in the exemplary embod-
iment, the operations for generating a response corre-
sponding to the request may be multithreaded by a main
thread 401 which is implemented in JavaScript and a
slave thread 402 which is implemented by WebWorker.
[0044] Figs. 4A and 4B are views illustrating threads
for executing the operations for generating a response
corresponding to a request according to the exemplary
embodiment. Fig. 4A illustrates the case of generating a
response by one thread, and the thread can be imple-
mented, for example, using JavaScript. However, in this
case, since the operations for generating a response and
other operations such as an operation for drawing a graph
on the display area of the browser 111 are consecutively
and subsequently performed in one thread, if a previous
operation is not completed, the next operation cannot

start. Therefore, for example, there is a risk of causing
delay in drawing and so on.
[0045] For this reason, in one exemplary embodiment,
as shown in Fig. 4B, in addition to the main thread 401,
at least one slave thread 402 for executing operations
for generating a response is implemented. Each slave
thread 402 can be generated, for example, using Web-
Worker API. Each slave thread 402 has a cache mech-
anism in the slave thread 402, and can execute exchange
of information with the main thread 401 by message
events (asynchronous). As shown in Fig. 4B, due to mul-
tithreading, while making a slave thread 402 generate a
response, the main thread 401 can perform another proc-
ess such as drawing without waiting for the results of the
response generating operations of the slave thread 402.
Therefore, it is possible to restrain delay from being
caused in other operations such as drawing by the re-
sponse generating operations. By the way, in one exem-
plary embodiment, each slave thread 402 refers to a
cache assigned to the corresponding thread, but may not
refer to caches assigned to other slave threads 402. De-
pending on the environment, there is the case where it
is impossible for slave threads 402 which are implement-
ed using WebWorker to refer to caches assigned to oth-
ers. For this reason, if each slave thread 402 is configured
so as not to refer to caches of the other slave threads
402, it is possible to apply the exemplary embodiment to
such a broad range of environments.
[0046] By the way, in S303 and S307, the controller
201 may execute the operations for generating a re-
sponse, for example, by calling the main thread 401 im-
plemented in JavaScript using an application program-
ming interface (API).
[0047] Hereinafter, the flow of response generation
which is executed by the main thread 401 and a slave
thread 402 will be described. Fig. 5 is a view illustrating
the flow of response generation. With respect to a re-
quest, for example, if the main thread 401 is called in the
operation of S303 or S307 described above ((1) of Fig.
5), the main thread 401 checks whether a response cor-
responding to the request has been stored in the first
cache 112 ((2) of Fig. 5).
[0048] Fig. 6 is a view illustrating the first cache 112.
In the example shown in Fig. 6, in the first cache 112,
cache keys and values corresponding to the cache keys
have been registered in association with each other. In
the first cache 112, as cache keys, requests have been
registered, and as values, responses corresponding to
the requests have been registered. By the way, as cache
keys of the first cache 112, requests themselves can be
registered; however, in another exemplary embodiment,
for example, values obtained by executing a predeter-
mined operation such as an operation using a hash func-
tion on requests may be registered.
[0049] Figs. 7A and 7B are views illustrating the cor-
respondence relation between a request and a response
which are registered in the first cache. In Fig. 7A, the
request is shown, and in Fig. 7B, the response corre-
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sponding to the request is shown. By the way, requests
and responses may be, for example, data in JSON (Java-
Script Object Notation) format. A of Fig. 7 illustrates a
request for requesting to draw a graph on the display
screen of the browser, and includes information required
for operations for drawing the graph. For example, in A
of Figs. 7A and 7B, the request includes an identifier for
identifying the request, a graph expression designating
a graph required to be drawn, and a range specification
specifying the range of the graph. Also, the request in-
cludes a variety of setting information related to the op-
erations for drawing the graph. The setting information
may be information designating calculation options such
as which of the radian, the degree, and the grade is used
for angle in the operations, how many decimal places to
round to, and whether complex numbers are valid. Also,
the request includes information designating a drawing
range for the graph. For example, in Fig. 7, as the drawing
range, with respect to each of an X axis and a Y axis, the
maximum value and minimum value of the range and the
dotting step interval have been designated.
[0050] Fig. 7B illustrates the response including infor-
mation required for drawing the graph corresponding to
the request. For example, in Fig. 7B, the response in-
cludes information on the graph and a list of the coordi-
nate points of the graph. The information on the graph
includes, for example, the type of the graph, and error
presence/absence information indicating whether any er-
ror has occurred in a plurality of operations performed to
generate the response. Further, the list of the coordinate
points of the graph includes, for example, information on
the coordinates of the individual points of the graph. In
the first cache 112, for example, such pairs of requests
and responses may be stored in association with each
other.
[0051] And, in (2) of Fig. 5, if a response corresponding
to the request has been stored in the first cache 112, the
main thread 401 reads the response corresponding to
the request from the first cache 112, and returns the re-
sponse to the browser 111 which is the caller ((3) of Fig.
5).
[0052] Meanwhile, in the case where a response cor-
responding to the request has not been stored in the first
cache 112, the main thread 401 requests the operation
module 213 of the slave thread 402 to process the re-
quest ((4) of Fig. 5).
[0053] If the operation module 213 of the slave thread
402 receives the request, it executes a plurality of oper-
ations for generating a response corresponding to the
request while referring to the second cache 113 or re-
questing the arithmetic operation module 212 to execute
the operations ((5) of Fig. 5). By the way, in the plurality
of operations for generating a response, the operation
module 213 may execute a plurality of operations such
as mathematical expression determination, mathemati-
cal expression type determination, graph point calcula-
tion, and so on, using information included in the request.
Further details of these exemplary operations will be de-

scribed below.
[0054] And, for example, when the operation module
213 starts to execute the operations, if the results of the
plurality of operations for generating a response have
been stored in the second cache 113, the operation mod-
ule proceeds to the next operation of the plurality of op-
erations, using the result of the operations. Meanwhile,
if the results of the operations have not been stored in
the second cache 113, the operation module requests
the arithmetic operation module 212 to execute the op-
erations, and acquires the result of the operations. By
the way, in the case of requesting the arithmetic operation
module 212 to execute the operations, the operation
module 213 may register the pairs of input data of the
operations and the results of the operations in the second
cache 113 ((6) of Fig. 5).
[0055] Fig. 8 is a view illustrating the second cache
113. In the second cache 113, for example, cache keys
and values are registered in association with each other.
Each cache key may be input data which is for an oper-
ation of the plurality of operations which is executed to
generate a response and is input in the corresponding
operation. Input data may include, for example, some
information read from the request, the results of opera-
tions performed earlier among the plurality of operations,
information generated on the basis of them, and so on.
Also, values may be the results of the operations. By the
way, as a cache key of the second cache 113, input data
for an operation may be registered as it is; however, in
another exemplary embodiment, for example, a value
obtained by executing a predetermined operation such
as an operation using a hash function on the input data
may be registered.
[0056] Subsequently, the operation module 213 of the
slave thread 402 generates a response corresponding
to the request on the basis of the results of the plurality
of operations, and returns it to the main thread 401 ((7)
of Fig. 5). If the main thread 401 receives the response
from the slave thread 402, it saves the request and the
response in the first cache 112 in association with each
other ((8) of Fig. 5). Also, the main thread 401 returns
the response received from the slave thread 402, as the
response to the request, to the browser 111 which is the
caller ((9) of Fig. 5), whereby the operation of S303 or
S307 of Fig. 3 ends, and the flow proceeds to the next
process.
[0057] By the way, a plurality of slave threads 402 for
executing response generation may be implemented,
and the main thread 401 may add requests to the task
queue, thereby making available slave threads 402 of
the plurality of slave threads 402 process the requests
sequentially.
[0058] As described in the flow of response generation
of Fig. 5, in the first cache 112, a request and a response
corresponding to the request are stored in association
with each other. Meanwhile, in the second cache 113,
with respect to each of the plurality of operations which
is executed for generating the response corresponding
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to the request, the input data of the operation and the
result of the operation are stored in association with each
other.
[0059] Also, in the main thread 401, when the controller
201 receives a request, it checks whether that request
has been registered in the first cache 112, and if it has
been registered, the controller acquires a response cor-
responding to the request from the first cache 112, and
returns it to the browser 111. Therefore, in the case where
the same request has been processed in the past, it is
possible to speed up the operations using the first cache
112.
[0060] Also, in the slave thread 402, when the control-
ler 201 operating as the operation module 213 executes
the plurality of operations for generating a response cor-
responding to the request, it checks whether the opera-
tions have been registered in the second cache 113. And,
if an operation has been registered in the second cache
113, the controller 201 acquires the result of the operation
from the second cache 113, and proceeds to the next
operation. Therefore, for example, if some of the plurality
of operations which need to be executed with respect to
the received request were performed when another re-
quest was processed in the past, it is possible to speed
up the operations using the second cache 113.
[0061] By the way, as described above, in arithmetic
operations, the operation module 213 executes a plurality
of operations such as mathematical expression determi-
nation, mathematical expression type determination,
graph point calculation and so on using information in-
cluded in the request while requesting the arithmetic op-
eration module 212 to execute the operations. Further,
in the second cache 113, in association with input data
for the plurality of operations, the results of the operations
may be registered. Hereinafter, with respect to the plu-
rality of operations, examples will be described in brief.

(1) Mathematical Expression Determination Operation

[0062] In mathematical expression determination, the
operation module 213 determines, for example, whether
a graph expression designated by the request is an equa-
tion or not. For example, in the case where the operation
module 213 receives the request of Fig. 7A, it may read
the graph expression y = sin(x), and check whether y =
sin(x) is an equation or not. For example, in the case
where the user is let input an equation to be graphed,
the user may input a character string which cannot be
graphed. In this case, the operation module 213 may
determine an error by mathematical expression determi-
nation. As examples of the case where a character string
which cannot be graphed is input, the case where only
a constant term such as "3" or a variable term such as
"y" is input, the case where description of an equal or an
inequation is incorrect, and so on can be taken.
[0063] Herein, since y = sin(x) is an equation, as the
result of the above-mentioned mathematical expression
determination, the input data y = sin(x) and "Equation"

which is the result of the determination are registered in
the first stage record of the second cache 113 of Fig. 8.

(2) Mathematical Expression Type Determination Oper-
ation

[0064] In mathematical expression type determination,
the operation module 213 determines which type of graph
types such as y=f(x) type and x=f(y) type of an orthogonal
coordinate system and r=f(θ) type of a polar coordinate
system the graph expression "y = sin(x)" belongs to. If
the graph expression designated by the request is an
expression in which the left side is y and the right side
does not include any independent variable other than x,
it is determined that the graph expression is the y=f(x)
type of the orthogonal coordinate system. Also, if the
graph expression is an expression in which the left side
is x and the right side does not include any independent
variable other than y, it is determined that the graph ex-
pression is the x=f(y) type of the orthogonal coordinate
system. Further, if the graph expression is an expression
in which the left side is r and the right side does not include
any independent variable other than θ, it is determined
that the graph expression is the r=f(θ) type of the polar
coordinate system.
[0065] Herein, since y = sin(x) is the y=f(x) type of the
orthogonal coordinate system, as the result of the above-
mentioned mathematical expression type determination,
the input data. y = sin(x) and "y=f(x) Type" which is the
determination result are registered in the second stage
record of the second cache 113 of Fig. 8.
[0066] For example, as described above, the operation
module 213 can determine the types of graph expres-
sions. By the way, the input data of the operation from
Process 1 to Process 3 described in the mathematical
expression type determination, and the result of the op-
eration are registered in the second stage record of the
second cache 113 of Fig. 8.

(3) Graph Point Calculation Operation

[0067] In graph point calculation, the operation module
213 calculates the coordinate values of graph points in-
cluded in the drawing range with respect to the graph
expression of the request. For example, the request of
Fig. 7A designates the graph expression y = sin(x), and
a graph range defined by Xmin, Xmax, Xstep, Ymin,
Ymax, and Ystep which are -7.5, 7.5, 0.1, -7.5, 7.5, and
0.1, respectively. In graph point calculation, the controller
201 may obtain the coordinates of the graph points in-
cluded in the designated range. In the third stage record
of the second cache 113 of Fig. 8, a record corresponding
to the graph point calculation is registered. In the record,
the graph expression y = sin(x) is registered as the input
data, and the drawing range, and the coordinate values
of the individual points which are the result of the oper-
ation are registered as values.
[0068] For example, as described in (1) to (3), the con-
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troller 201 may execute the plurality of operations for gen-
erating a response corresponding to a request, and reg-
ister the result of each operation in the second cache 113
in association with the input data of the corresponding
operation. By the way, the plurality of operations for gen-
erating a response is an example, and the exemplary
embodiment is not limited thereto. For example, depend-
ing on exemplary embodiments, some of the plurality of
operation described above may not be executed, or fur-
ther operations may be executed separately.
[0069] Subsequently, with respect to the flow of the
response generating operations described above, the
operation flow will be described below.
[0070] Fig. 9 is a view illustrating the operation flow of
the operations for generating a response which is exe-
cuted by the controller 201 operating as the main thread
401 according to the exemplary embodiment. For exam-
ple, if the flow proceeds to S303 or S307, the controller
201 may call the operations of Fig. 9 through API and
executes them.
[0071] In S901, the controller 201 operating the main
thread 401 generates a cache key for searching the first
cache 112. For example, in the case where a past request
has been registered in the cache key of the first cache
112, the controller 201 may use the request as it is as
the cache key. Also, for example, in the case where a
value obtained by executing the predetermined operation
such as an operation using a hash function has been
registered in the cache key of the first cache 112, the
controller 201 may execute the same operation on the
request, thereby generating the cache key.
[0072] In S902, the controller 201 searches the first
cache 112 for the generated cache key, thereby deter-
mining whether a record corresponding to the request
has been registered in the first cache 112 or not. In the
case where a record corresponding to the request has
not been registered in the first cache 112 ("NO" in S902),
the flow proceeds to S906. Meanwhile, in the case where
a record corresponding to the request has been regis-
tered in the first cache 112 ("YES" in S902), and the flow
proceeds to S903.
[0073] In S903, the controller 201 determines whether
the request is an NG request satisfying a predetermined
condition or not. An NG request may be, for example, a
request which causes the content of the response to the
request to change with each execution. The reason is
that, for example, in the case where the content of the
response to the request changes with each execution,
even though the same request has been registered in
the first cache 112, since the registered response and
the response to the current request may differ in the con-
tents, it is impossible to divert the cached value. By the
way, as examples of the request which causes the result
to change with each execution, requests including a ran-
dom function, a shuffle function, or the like can be taken.
[0074] In the case where it is determined in S903 that
the request is not an NG request satisfying the predeter-
mined condition ("NO" in S903), the flow proceeds to

S904. In S904, the controller 201 acquires the response
corresponding to the request from the first cache 112,
and in S905, it returns the response to the operation of
S303 or S307 which is the caller, and the present oper-
ation flow ends.
[0075] Meanwhile, in the case where it is determined
in S903 that the request is an NG request ("YES" in
S903), the flow proceeds to S906. In S906, the controller
201 requests the slave thread 402 to process the request.
For example, the controller 201 registers the task of the
request in the task queue, thereby making the slave
thread 402 execute the operations corresponding to the
request.
[0076] In S907, the controller 201 receives the re-
sponse from the slave thread 402. In S908, the controller
201 determines whether the response is an NG response
satisfying a predetermined condition. An example of NG
responses satisfying the predetermined condition may
be an error response representing the state where a cor-
rect response to the request cannot be generated. The
error response includes, for example, an operation crash,
a timeout error, etc. In the case where the response is
an NG response ("YES" in S908), the flow proceeds to
S905, and in S905, the controller 201 may return the
response determined as an NG response to the operation
of S303 or S307 which is the caller. By the way, in the
case of returning an NG response to S307, in S308, an
error may be determined, and in the operation of S309,
the request may be transmitted to the service providing
server 102. As a result, it is possible to execute the op-
erations by the service providing server 102, and it is
possible to improve the possibility of obtaining a correct
response to the request.
[0077] Meanwhile, in the case where it is determined
in S908 that the response is not an NG response ("NO"
in S908), the flow proceeds to S909. In S909, the con-
troller 201 registers the request and the response in the
first cache 112 in association with each other, and the
flow proceeds to S905 in which the controller returns the
response to the operation of S303 or S307 which is the
caller, and the present operation flow ends.
[0078] According to the operation flow of Fig. 9 de-
scribed above, in the main thread 401, in the case where
a response corresponding to a request has been regis-
tered in the first cache 112, the controller 201 can return
that response. Therefore, it is possible to return the re-
sponse to the request at high speed.
[0079] Also, according to the operation flow of Fig. 9,
in the main thread 401, in the case of requesting the slave
thread 402 to generate a response corresponding to a
request, the controller 201 stores a response received
from the slave thread 402 in the first cache 112 in asso-
ciation with the request. Therefore, thereafter, in the case
of receiving the same request, it is possible to process it
at high speed by using the response stored in the first
cache 112.
[0080] By the way, in the operation of S909, in the case
where a request is an NG request including a random
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function, a shuffle function, or the like, the controller 201
may not store the request and the response in the first
cache 112.
[0081] Subsequently, the operations for generating a
response corresponding to a request which are executed
by the controller 201 operating as the slave thread 402
will be described. Fig. 10 is a view illustrating an operation
flow showing the operations which are executed to gen-
erate a response corresponding to a request according
to the exemplary embodiment. In the slave thread 402,
the controller 201 may start the operation flow of Fig. 10,
for example, if a task is assigned from a task queue in
which tasks corresponding to requests are registered.
[0082] In S1001, the controller 201 operating as the
slave thread 402 generates input data to be used in the
operations, on the basis of the request of the assigned
task. For example, the controller 201 may extract some
of the information included in the request (for example,
a graph expression and so on) as input data.
[0083] In S1002, the controller 201 executes the oper-
ations on the input data. By the way, the operations from
S1002 to S1004 are a repetitive operations. And, in
S1002, while executing the series of operations for gen-
erating a response to the request sequentially from the
first one, the controller 201 may proceed to the next op-
eration whenever it is repeated. For example, in the case
of arithmetic operations, the series of operations may
include operations such as mathematical expression de-
termination, mathematical expression type determina-
tion, graph point calculation, and so on. And, in S1003,
the controller 201 determines whether the series of op-
erations for generating a response to the request has
been completed or not. In the case where the series of
operations for generating a response to the request has
not been completed ("NO" in S1003), the flow proceeds
to S1004
[0084] In S1004, the controller 201 generates the next
input data. For example, the controller 201 may generate
the next input data by reading other information from the
request or using the result of the operation of S1002. If
the next input data is generated, the flow returns to S1002
in which the controller 201 may execute the next opera-
tion of the series of operations for generating a response,
using the generated next input data.
[0085] Also, in the case where it is determined in S1003
that all of the series of operations for generating a re-
sponse corresponding to the request has been complet-
ed ("YES" in S1003), the flow proceeds to S1005.
[0086] In S1005, the controller 201 may generate a
response on the basis of the results of the series of op-
erations, and returns the response to the main thread
401 by adding the generated response to the queue in
which the results of the operations are registered or any
other method.
[0087] Subsequently, the operations which are per-
formed in S1002 will be described with reference to Fig.
11. Fig. 11 is a view illustrating the operation flow of the
operations which correspond to input data and are per-

formed in S1002. For example, the controller 201 oper-
ating as the slave thread 402 may start the operation flow
of Fig. 11 if the flow proceeds to the operation of S1002.
[0088] In S1101, the controller 201 operating as the
slave thread 402 generates a cache key for searching
the second cache 113 from the input data. For example,
in the case where the past input data has been registered
as they are as cache keys in the second cache 113, the
controller 201 may use the input data as it is as the cache
key. Also, for example, in the case where values obtained
by executing the predetermined operation such as an
operation using a hash function have been registered as
cache keys in the second cache 113, the controller 201
may execute the same operation on the input data, there-
by generating a cache key.
[0089] In S1102, the controller 201 searches the sec-
ond cache 113 for the generated cache key, thereby de-
termining whether a record corresponding to the input
data has been registered in the second cache 113. In the
case where a record corresponding to the input data has
been registered in the second cache 113 ("YES" in
S1102), the flow proceeds to S1103.
[0090] In S1103, the controller 201 determines wheth-
er the input data designates an NG operation satisfying
a first condition. Input data designating an NG operation
may be, for example, input data designating an operation
whose result changes whenever it is executed. The rea-
son is that, for example, in the case where the result of
the operation changes whenever it is executed, even
though a record corresponding to the same input data
has been registered in the second cache 113, since the
same operation result is necessarily obtained during the
next execution, it is impossible to divert the cached value.
By the way, as examples of input data designating an
operation whose result changes whenever it is executed,
information designating operations including a random
function, a shuffle function, or the like can be taken.
[0091] In the case where it is determined in S1103 that
the input data does not designate an NG operation sat-
isfying the first condition ("NO" in S1103), the flow pro-
ceeds to S1104. In S1104, the controller 201 acquires a
calculation result corresponding to the input data from
the second cache 113, and returns the calculation result
to the operation of S1002 which is the caller, and the
present operation flow ends.
[0092] Meanwhile, in the case where it is determined
in S1102 that a record corresponding to the input data
has not been registered in the second cache 113 ("NO"
in S1102), and it is determined in S1103 that the input
data designates an NG operation ("YES" in S1103), the
flow proceeds to S1106. In this case, since it is impossible
to acquire the result of the operation from the second
cache 113, in S1106, the controller 201 requests the
arithmetic operation module 212 to execute the operation
corresponding to the input data. By the way, in the case
of an NG operation, in S1106, the controller requests the
arithmetic operation module 212 to execute the opera-
tion, whereby it is possible to prevent the result of the
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operation registered in the second cache 113 from being
diverted although it cannot be diverted. Also, the opera-
tion which is requested from the arithmetic operation
module 212 in S1106 may differ, for example, depending
on the input data or which operation of the series of op-
erations for generating a response to the request is ex-
ecuted when the operation of Fig. 11 is called. The op-
eration which is requested from the arithmetic operation
module 212 may be an operation such as mathematical
expression determination, mathematical expression type
determination, graph point calculation, etc.
[0093] In S1107, the controller 201 receives the result
of the requested operation from the arithmetic operation
module 212. In S1108, the controller 201 determines
whether the result of the operation is an NG result satis-
fying a second condition. An NG result satisfying the sec-
ond condition may be, for example, a result including an
error indicating the state where acquisition of the result
of calculation of the input data has not succeeded. Ex-
amples of the error include an operation crash, a timeout
error, etc. In the case where the result of the operation
is an NG result ("YES" in S1108), in S1105, the controller
may return the NG result to the operation of S1002 which
is the caller. In this case, it is possible to prevent the result
of the operation from being registered although it is im-
possible to divert the result to another operation.
[0094] Meanwhile, in the case where it is determined
in S1108 that the result of the operation is not an NG
result ("NO" in S1108), the flow proceeds to S1109. In
S1109, the controller 201 registers the input data and the
result of the operation in the second cache 113 in asso-
ciation with each other, and the flow proceeds to S1105
in which the controller returns the result of the operation
to the operation of S1002 which is the caller, and the
present operation flow ends. By the way, in S1109, the
controller 201 may not store the input data and the result
in the second cache 113 in the case where the input data
is for an NG operation including a random function, a
shuffle function, etc.
[0095] According to the operation flows of Fig. 10 and
Fig. 11 described above, in the slave thread 402, the
controller 201 executes a series of operations for gener-
ating a response corresponding to a request. Further,
when the series of operations is executed, if the result of
an operation is registered in the second cache 113, the
controller 201 uses that operation result. Therefore, it is
possible to execute the operations at high speed.
[0096] Meanwhile, when the series of operations is ex-
ecuted, if the result of an operation has not been regis-
tered in the second cache 113, the controller 201 re-
quests the operation from the arithmetic operation mod-
ule 212, and stores the input data of that operation and
the result of the operation in the second cache 113 in
association with each other. Therefore, thereafter, in the
case where the same operation is executed, it is possible
to perform the operation at high speed using the result
of the operation stored in the second cache 113.
[0097] Further, according to the exemplary embodi-

ment described above, in the first cache 112 and the
second cache 113, data with different granularities are
registered. For example, in the above-described exem-
plary embodiment, the granularity of information which
is registered in the first cache 112 is greater than the
granularity of information which is registered in the sec-
ond cache 113.
[0098] As described above, in the first cache 112, re-
quests and responses are registered in association with
each other. Therefore, in the case where an input request
has been registered in the first cache 112, it is possible
to read a response from the first cache 112 and imme-
diately return the response. However, in this case, if the
input request is completely the same as a request regis-
tered in the first cache 112, it is impossible to speed up
the operation.
[0099] Meanwhile, there is the case where it is possible
to divert some of the results of a plurality of operations
which is executed to generate a response to a request
to operations for generating a response to another re-
quest, for example, like arithmetic operations. In this
case, as described in the exemplary embodiment, with
respect to each of the plurality of operations which is
executed according to the request, input data of the op-
eration and the result of the operation are registered in
the second cache 113 such that it is possible to divert
the result to operations for generating a response to an-
other request. As a result, it is possible to speed up the
operations for obtaining responses to requests, and re-
duce operation load.
[0100] Fig. 12 is a view for explaining the use of caches
having different granularities according to the exemplary
embodiment. For example, it is assumed that, in the in-
formation processing apparatus 101, the controller 201
is for executing operations for drawing graphs corre-
sponding to mathematical expressions on the display
screen of the display unit 204. Further, it is assumed that
the controller 201 receives a request which designates
y = sin(x) + a and is for consecutively drawing graphs
while gradually increasing the value of a by 1 in a range
of 0 ≤ a ≤ 10.
[0101] In this case, the controller 201 first sets a to 0
and executes the series of operations for generating the
graph of y = sin(x), and displays the graph based on the
obtained response on the display screen. Also, the con-
troller 201 records the request of y = sin(x) and the re-
sponse including the coordinate values of the individual
points of the graph in the first cache 112. Further, in the
exemplary embodiment, the controller records the results
of the operations in the second cache 113 in association
with input data of the plurality of requested operations
which is executed to generate the graph of y = sin(x). For
example, the controller 201 may record the coordinate
values of the individual points of the graph in the second
cache 113, in association with the input data y = sin(x)
which is the mathematical expression of a part of y =
sin(x) + a.
[0102] In this case, for example, in the case of subse-
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quently setting a to 1 and generating the graph of y =
sin(x) + 1, since in the first cache 112, only the response
corresponding to the request of y = sin(x) has been reg-
istered and the registered request is different from y =
sin(x) + 1, it is impossible to acquire information usable
to generate the graph from the first cache 112. However,
in the second cache 113, the coordinate values of the
individual points of the graph have been registered in
association with the input data y = sin(x). Therefore, when
generating the graph with respect to the request of y =
sin(x) + 1, the controller 201 can read the coordinate
values of the graph of sin(x) which is a part of y = sin(x)
+ 1 from the second cache 113. Therefore, it is possible
to execute the operations at high speed as compared to
the case of executing every calculation. Similarly, even
in the case of drawing the graph of y = sin(x) + a in the
range of 2 ≤ a ≤ 10, by reading the coordinate values of
the graph of y = sin(x) from the second cache 113, it is
possible to execute the operations at high speed while
reducing operation load.
[0103] Further, after the controller 201 draws all graphs
by setting a to 10 and drawing the graph of y = sin(x) +
10, in the case of drawing the graph of y = sin(x) again,
since the corresponding response has been registered
in the first cache 112, it becomes unnecessary to execute
calculations using the arithmetic operation module 212.
Therefore, it is possible to further reduce operation load
and further speed up the operations.
[0104] By the way, herein, the example using the in-
formation of the second cache 113 is described taking
the case where a part is common to the mathematical
expressions, as an example; however, examples in
which the effect of the second cache 113 can be expected
are not limited thereto. For example, it is assumed that
a request which designates the same mathematical ex-
pression and instructs to draw the graph in a different
drawing range is received. In this case, since the same
mathematical expression is used, it is possible to acquire
the result of determination such as mathematical expres-
sion determination, mathematical expression type deter-
mination, etc. from the second cache 113, so it is possible
to reduce operation load and speed up the operations.
[0105] As described above, in the case of operations
such as arithmetic operations which always cause the
same result with respect to the same request, if one of a
plurality of operations which is executed to generate a
response to a request is the same as one of a plurality
of operations which is executed to generate a response
to another request, it may be possible to divert the result
of the operation executed earlier to the operation which
is executed later. In this case, according to the exemplary
embodiment, since the response to a request is cached
and input data of the plurality of operations which is ex-
ecuted to generate the response and the results of the
operations are also cached in association with each oth-
er, it is possible to reduce operation load and speed up
the operations.
[0106] By the way, in the above-described exemplary

embodiment, since the first cache 112 and the second
cache 113 are stored in the information processing ap-
paratus 101, referring to the caches from other devices
may be restricted depending on the situation. Meanwhile,
the third cache 131 of the service providing server 102
can be shared by a plurality of information processing
apparatuses 101 which access to the service which the
service providing server 102 provides, and a plurality of
accounts registered in the service. Therefore, in the case
of providing responses with respect to requests from the
plurality of information processing apparatuses 101 and
the accounts by the third cache 131, it is possible to cache
various requests and responses, and it is possible to in-
crease the hit rate.
[0107] Although the exemplary embodiment has been
illustrated above, the exemplary embodiment is not lim-
ited thereto. For example, the above-described operation
flows are examples, and the exemplary embodiment is
not limited thereto. If possible, each operation flow may
be executed in a different order of operations, or may
include other operations, or some operations may be
omitted.
[0108] Also, in the above-described exemplary em-
bodiment, the example in which the information process-
ing apparatus 101 calls the main thread 401, the slave
thread 402, and so on from the browser 111 and uses
the caches having different granularities has been de-
scribed. However, the exemplary embodiment is not lim-
ited thereto. For example, in another exemplary embod-
iment, the first cache 112 and the second cache 113 may
be integrated into one cache. For example, as shown in
Fig. 4A described above, in the case of executing every
operation on a request by the main thread 401, the con-
troller 201 may register input data of operations and in-
formation on the result of the operations which are reg-
istered in the second cache 113 in the above-described
exemplary embodiment, in the first cache 112.
[0109] Also, in another exemplary embodiment, the
controller 201 may execute an operation for synchroniz-
ing information between the first cache 112 and the sec-
ond cache 113. For example, the controller 201 may ex-
ecute an operation for registering records registered in
the first cache 112, in the second cache 113, or may
execute an operation for registering records registered
in the second cache 113, in the first cache 112. Therefore,
for example, even in the first cache 112, it is possible to
refer to input data of the plurality of operations for gen-
erating responses corresponding to requests, and calcu-
lation results. Also, for example, even in the second
cache 113, it is possible to refer to requests, and respons-
es corresponding to the requests. If the caches are con-
figured as described above, it is possible to speed up the
operations depending on the implementation. For exam-
ple, in the above-described exemplary embodiment, in
the case where the operations which are executed by
the slave thread 402 are executed even by the main
thread 401, since it is possible to acquire the results of
the plurality of operations for generating a response by
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the first cache 112 of the main thread 401, it becomes
possible to execute the operations of the main thread
401 at high speed.
[0110] Also, in the above-described exemplary em-
bodiment, the example in which a second cache 113 is
provided for each slave thread 402 has been described.
In this case, since different data depending on each slave
thread 402 are accumulated in the second caches 113,
it may be impossible for each slave thread to use data
registered in the second caches 113 of other slave
threads 402. However, the exemplary embodiment is not
limited thereto. For example, in another exemplary em-
bodiment, the controller 201 may execute an operation
for synchronizing the contents of the second caches 113
among the slave threads 402 by registering data newly
registered in the second cache 113 of a slave thread 402
even in the second cache 113 of the other slave threads
402. Alternatively, the exemplary embodiment may be
configured such that the plurality of slave threads 402
refers to one common second cache 113.
[0111] Further, in the above-described exemplary em-
bodiment, the example in which the information process-
ing apparatus 101 executes the operations through the
browser 111 has been described. Therefore, the form of
implementation may be restricted due to the specifica-
tions of JavaScript, WebWorker, and so on related to the
browser 111. However, the exemplary embodiment is
not limited to the operations which are executed through
the browser 111. For example, in another exemplary em-
bodiment, the browser 111 may not be used. For exam-
ple, the exemplary embodiment may be implemented in
an application for executing drawing of graphs corre-
sponding to mathematical expressions in the information
processing apparatus 101. In this case, the controller 201
may register and manage the contents registered in the
first cache 112 and the second cache 113 in one cache,
and execute the operations.
[0112] Also, in the above-described exemplary em-
bodiment, in the operations of Fig. 9, in the case where
the first cache 112 is hit and a request is not an NG re-
quest, the operation ends without requesting the slave
thread 402 to process the request. However, in another
exemplary embodiment, even in the case where the first
cache 112 is hit and a request is not an NG request, the
slave thread 402 may be requested to process the re-
quest. For example, in the case where there are not many
requests and the controller 201 has room on the opera-
tion capability, if the slave thread 402 is requested to
execute the operations as described above, it is possible
to accumulate the input data of the operations and the
results in the second cache 113.
[0113] By the way, in the above-described exemplary
embodiment, in the operation of S1002, the controller
201 operates, for example, as the executing unit 231.
Also, in the operation of S909, the controller 201 oper-
ates, for example, as the first storage unit 232. In the
operation of S1109, the controller 201 operates, for ex-
ample, as the second storage unit 233. In the operation

of S905, the controller 201 operates, for example, as the
replying unit 234.
[0114] Fig. 13 is a view illustrating the hardware con-
figuration of a computer 1300 for implementing the infor-
mation processing apparatus 101 according to the ex-
emplary embodiment. The hardware configuration of Fig.
13 for implementing the information processing appara-
tus 101 includes, for example, a processor 1301, a mem-
ory 1302, a storage device 1303, a reading device 1304,
a communication interface 1306, an input/output inter-
face 1307, an input device 1311, and a display device
1312. By the way, the processor 1301, the memory 1302,
the storage device 1303, the reading device 1304, the
communication interface 1306, and the input/output in-
terface 1307 are connected to one another, for example,
through a bus 1308.
[0115] The processor 1301 may be, for example, a sin-
gle processor, a multiprocessor, or a multi-core. The
processor 1301 may operate as the controller 201, the
browser 111, the arithmetic operation module 212, the
main thread 401, the slave thread 402 (the operation
module 213), and so on of the above-described exem-
plary embodiment, for example, by reading and execut-
ing a program. Also, the processor 1301 operates as the
executing unit 231, the first storage unit 232, the second
storage unit 233, and the replying unit 234, for example,
by executing a program such as a cache management
program describing the procedures of the above-de-
scribed operation flows, using the memory 1302.
[0116] The memory 1302 is, for example, a semicon-
ductor memory, and may include a RAM area and a ROM
area. The storage device 1303 is, for example, a hard
disk, a semiconductor memory such as a flash memory,
or an external storage device. By the way, RAM stands
for Random Access Memory. Also, ROM stands for Read
Only Memory.
[0117] The reading device 1304 accesses to a remov-
able storage medium 1305 according to an instruction of
the processor 1301. The removable storage medium
1305 can be implemented, for example, with a semicon-
ductor device, a medium for inputting and outputting in-
formation by magnetic actions, a medium for inputting
and outputting information by optical actions, etc. By the
way, the semiconductor device is, for example, a USB
(Universal Serial Bus) memory. Also, the medium for in-
putting and outputting information by magnetic actions
is, for example, a magnetic disk. The medium for inputting
and outputting information by optical actions is, for ex-
ample, a CD-ROM, a Blu-ray Disc (Blu-ray is a registered
trademark), etc. CD stands for Compact Disc. DVD
stands for Digital Versatile Disk.
[0118] The storage unit 202 includes, for example, the
memory 1302, the storage device 1303, and the remov-
able storage medium 1305. For example, in the storage
device 1303, the first cache 112 and the second cache
113 are stored.
[0119] The communication interface 1306 communi-
cates with other devices according to instructions of the
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processor 1301. For example, the communication inter-
face 1306 may transmit and receive data to and from the
service providing server 102 through the network 105,
by wire or wireless communication. The communication
interface 1306 is an example of the above-described con-
troller 201.
[0120] The input/output interface 1307 may be, for ex-
ample, an interface for devices for executing input and
output. The input/output interface 1307 may be connect-
ed to the input device 1311 such as a keyboard, a mouse,
a touch panel, etc. for receiving instructions from the user.
Also, for example, the input/output interface 1307 is con-
nected to the display device 1312. The display device
1312 may be, for example, a device for displaying infor-
mation, such as a display, a projector, etc. For example,
the display screen of Fig. 12 may be displayed on the
display device 1312 connected to the input/output inter-
face 1307. The display device 1312 is an example of the
above-described display unit 204. The input/output inter-
face 1307 may be connected to other output devices,
such as an audio device such as a speaker and a printing
device such as a printer.
[0121] Each program according to the exemplary em-
bodiment can be provided to the information processing
apparatus 101, for example, in the following forms.

(1) It is installed in the storage device 1303 in ad-
vance.
(2) It is provided by the removable storage medium
1305.
(3) It is provided from a server 1330 such as a pro-
gram server through the network 105.

[0122] By the way, the server 1330 may have, for ex-
ample, the hardware configuration of the computer 1300
of Fig. 13.
[0123] By the way, the hardware configuration of the
computer 1300 for implementing the information
processing apparatus 101, described with reference to
Fig. 13, is an example, and the exemplary embodiment
is not limited thereto. For example, some parts of the
above-described configuration may be removed, or new
components may be added. Also, in another exemplary
embodiment, for example, for example, some or all func-
tions of the controller 201 described above may be im-
plemented as hardware using an FPGA, an SoC, an
ASIC, a PLD, etc. By the way, FPGA stands for Field
Programmable Gate Array. SoC stands for System-on-
a-chip. ASIC stands for Application Specific Integrated
Circuit. PLD stands for Programmable Logic Device.
[0124] While the present invention has been described
with reference to exemplary embodiments, it is to be un-
derstood that the invention is not limited to the disclosed
exemplary embodiments. The scope of the following
claims is to be accorded the broadest interpretation so
as to encompass all such modifications and equivalent
structures and functions.
[0125] This application claims the benefit of Japanese

Patent Application No. 2020-053621, filed March 25,
2020 which is hereby incorporated by reference wherein
in its entirety.

Claims

1. A cache management method performed by an in-
formation processing apparatus (101), the cache
management method comprising:

in a case where a correspondence relation be-
tween a request and a response to the request
is not stored in a first cache (112), executing a
plurality of operations for generating the re-
sponse to the request;
in association with input data of each operation
of the plurality of operations, storing a result of
the operation in a second cache (113);
storing the response generated based on results
of the plurality of operations in the first cache
(112) in association with the request; and
returning the response with respect to the re-
quest.

2. The cache management method according to claim
1, further comprising
in association with the input data of each operation
of the plurality of operations, storing the result of the
operation in the first cache (112).

3. The cache management method according to claim
1 or 2, further comprising
in a case where a correspondence relation between
a second request and a second response to the sec-
ond request is stored in the first cache (112), return-
ing the second response read from the first cache
(112); and
in a case where the correspondence relation be-
tween the second request and the second response
to the second request is not stored in the first cache
(112), executing a plurality of operations for gener-
ating the second response to the second request.

4. The cache management method according to claim
3, further comprising
in a case where the correspondence relation be-
tween input data of a first operation of the plurality
of operations for generating the second response to
the second request and a result of the first operation
corresponding to the input data is stored in the sec-
ond cache (113), acquiring the result of the first op-
eration from the second cache (113).

5. The cache management method according to claim
3 or 4, wherein
although a correspondence relation between input
data of a second operation of the plurality of opera-
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tions for generating the second response to the sec-
ond request and a result of the second operation
corresponding to the input data is stored in the sec-
ond cache (113), in a case where the input data of
the second operation designates an operation sat-
isfying a first condition, the result of the second op-
eration is not acquired from the second cache (113).

6. The cache management method according to any
one of claims 3 to 5, wherein
the request and the second request are requests re-
lated to an arithmetic operation.

7. The cache management method according to any
one of claims 1 to 6, wherein
with respect to an operation whose result satisfies a
second condition, input data and a result of the op-
eration are not stored in the second cache (113).

8. The cache management method according to any
one of claims 1 to 7, further comprising
executing the plurality of operations for generating
the response to the request by one thread (402) of
a plurality of threads (402); and
in association with the input data of each operation
of the plurality of operations, storing, by the one
thread (402), the result of the operation in the second
cache (113) assigned to the one thread (402).

9. The cache management method according to any
one of claims 1 to 8, wherein
in the case where the correspondence relation be-
tween the request and the response to the request
is stored in the first cache (112), acquiring the re-
sponse to the request from the first cache (112).

10. A cache management system comprising:

an information processing apparatus (101); and
a server (102),
wherein the information processing apparatus
(101) is configured to:

in a case where a correspondence relation
between a request and a response to the
request is not stored in a first cache (112),
execute a plurality of operations for gener-
ating the response to the request;
in association with input data of each oper-
ation of the plurality of operations, store a
result of the operation in a second cache
(113);
store the response generated based on re-
sults of the plurality of operations in the first
cache (112) in association with the request;
and
return the response to the request.

11. The cache management system according to claim
10, wherein the information processing apparatus
(101) is further configured to:

in a case where an error occurs in the plurality
of operations for generating the response to the
request, transmit the request to the server (102);
and
receive the response to the request from the
server (102).

12. The cache management system according to claim
10 or 11, wherein the information processing appa-
ratus (101) is further configured to:

in response to receiving the request, execute
the plurality of operations for generating the re-
sponse to the request and transmit the request
to the server (102); and
receive the response to the request from the
server (102).

13. The cache management system according to claim
11 or 12, wherein
the information processing apparatus (101) is con-
figured to store the response received from the serv-
er (102), in the first cache (112).

14. The cache management system according to any
one of claims 11 to 13, wherein
the server (102) is configured to store the response
generated based on the results of the plurality of op-
erations according to the request, in a third cache
(131).

15. The cache management system according to claim
14, wherein
in the third cache (131), a third response generated
from results of a plurality of operations with respect
to a third request received from another computer is
stored in association with the third request, and
in a case where the server (102) receives the request
that is the same as the third request from the infor-
mation processing apparatus (101), the server (102)
is configured to notify, as the response to the request,
the information processing apparatus (101) of the
third response.
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